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METHOD OF DETERMINING A CONTOUR
OF AN ANATOMICAL STRUCTURE AND
SELECTING AN ORTHOPAEDIC IMPLANT
TO REPLICATE THE ANATOMICAL
STRUCTURE

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/955,680, filed Aug. 14, 2007,
the disclosure of which 1s expressly incorporated by reference
herein.

BACKGROUND

1. Field of the Disclosure

The present disclosure relates to a computer assisted sur-
gery system and method for preparing an anatomical struc-
ture to recerve an implant.

2. Description of the Related Art

Orthopaedic procedures for the replacement of at least a
portion of a bone or other anatomical structure of a patient
typically require preparing the anatomical structure to receive
an 1mplant. Such preparation may involve determining a
desired size, type, and shape of the implant based on the size
and shape of the anatomical structure. For example, determi-
nation of the type and size of implants for a total knee arthro-
plasty procedure are typically based on sizing measurements
taken of the knee, e.g., anterior/posterior and medial/lateral

dimensions, as well as by the location of the mechanical axis
of the femur.

SUMMARY

The present disclosure provides a computer assisted sur-
gery (CAS) system and method for preparing an anatomaical
structure to receive an orthopaedic implant and/or to assess
and evaluate an anatomical structure. In an exemplary
embodiment, the method generally involves the steps of
determining a contour of the anatomical structure by using
the CAS system to acquire a plurality of points on the ana-
tomical structure, provide a best fit approximation of the
anatomical structure based on the plurality of points, select-
ing an implant to replicate the anatomical structure, and pre-
paring the anatomical structure to receive the implant.

In one form thereof, the present disclosure provides a
method of orthopaedic surgery for use with an anatomical
structure, including the steps of acquiring a plurality of data
points from the anatomical structure by contacting a pointer
device to the anatomical structure at a plurality of locations;
using the plurality of data points to calculate a best fit approxi-
mation of a contour of the anatomical structure; selecting an
orthopaedic implant substantially matching the contour of the
anatomical structure; preparing the anatomical structure to
receive the orthopaedic implant; and implanting the ortho-
paedic implant 1n the anatomical structure.

In an exemplary embodiment of the present disclosure, a
method of selecting a placement of an 1implant for an ortho-
paedic surgery 1s provided. The method comprising the steps
of identifying a region of an anatomical structure for replace-
ment by said implant; receiving a plurality of data points
corresponding to a contour of said region of said anatomical
structure; selecting said implant from a library of implants,
said 1mplant being selected based on said contour of said
region of said anatomical structure; and providing a proposed
placement of said implant relative to said anatomical struc-
ture. In an example, the method further comprises the step of
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providing an indication of a {it between a contour of said
implant and said contour of said region of said anatomical
structure. In another example, the method further comprises
the step of receiving a revised placement of said implant
relative to said anatomical structure. In yet another example,
the step of recerving said plurality of data points includes the
steps of receiving an indication that a pointer device 1s posi-
tioned at a first position; determining a first coordinate of said
first position; and determining a second coordinate of a sec-
ond position. In a variation thereof, the step of determining
said second coordinate of said second position 1s performed
in response to recerving an indication that said pointer device
1s positioned at said second position. In another variation, the
step of determining said second coordinate of said second
position including the step of waiting a predetermined time
interval from determinming said first coordinate of said first
position, said pointer device being moved by an operator
during said predetermined time interval. In a further example,
the step of recerving said plurality of data points includes the
steps of obtaining preoperative representations of said region
of said anatomaical structure; and determining said plurality of
data points from said preoperative representations of said
region of said anatomical structure. In still another example,
said contour 1s determined from a fitting of said plurality of
data points to a surface. In still yet another example, the
method turther comprises the step of receiving at least one
constraint on said proposed placement of said implant relative
to said anatomical structure. In a variation thereof, said at
least one constraint 1s related to an orientation of said implant
relative to said anatomical structure. In another variation, said
at least one constraint 1s related to a location of a top surface
of said implant relative to said anatomical structure. In yet
another example, the step of selecting said implant from said
library of implants includes the step of receiving a selection of
said 1mplant from a user input device. In still another
example, the step of selecting said implant from said library
of implants includes the step of comparing a contour of each
of a plurality of implants to said contour of said anatomaical
structure, said implant being selected 1n response to said
contour of said implant most closely matching said contour of
said anatomical structure. In another example, the method
turther comprises the step of generating a resection plan for
said anatomical structure based on said implant.

In another exemplary embodiment of the present disclo-
sure, a method of selecting a placement of an implant for an
orthopaedic surgery 1s provided. The method comprising the
steps of 1dentilying a region of an anatomical structure for
replacement by said implant; determining a contour of said
region of said anatomical structure; for each of a plurality of
implants determining a fit between a contour of said respec-
tive implant and said contour of said anatomical structure;
and recerving an indication of a selected implant from said
plurality of implants. In an example, said plurality of implants
1s selected from a library of implants. In a variation thereof,
cach of said plurality of implants are selected based on satis-
tying at least one constraint related to said anatomical struc-
ture. In another variation thereof, the method further com-
prises the step of for each of said plurality of implants
determining a resection plan for said anatomical structure,
wherein said selected implant 1s selected from said plurality
of implants based on said resection plan for said selected
implant.

In a further exemplary embodiment of the present disclo-
sure, a method of selecting the placement of an implant for an
orthopaedic surgery 1s provided. The method comprising the
steps of 1dentifying a region of an anatomical structure for
replacement by said implant; determining a contour of said
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region of said anatomical structure; obtaining a blank implant
for implantation in said anatomical structure; determining a
resection plan for said blank implant; and machining a top
portion of said blank implant to generally match said contour
of said region of said anatomical structure. In an example, the
method further comprises the steps of resecting said anatomi-
cal structure based on said resection plan; and implanting said
blank 1mplant 1n said anatomical structure. In a variation
thereot, the step of implanting said blank implant 1n said
anatomical structure occurs prior to the step of machining
said top portion of said blank implant to match said contour of
said region of said anatomical structure. In a further variation
thereot, the step of implanting said blank implant 1n said
anatomical structure occurs subsequent to the step of machin-
ing said top portion of said blank implant to match said
contour of said region of said anatomical structure.

In yet another exemplary embodiment of the present dis-
closure, a method of selecting a placement of an implant for
an orthopaedic surgery 1s provided. The method comprising
the steps of identifying a region of a current anatomical struc-
ture for replacement by said implant; determining a current
contour of said region of said current anatomical structure;
comparing said current contour of said current anatomical
structure to a library of contours of anatomical structures;
selecting a first contour of a first anatomical structure from
said library of contours of anatomical structures; and select-
ing a first implant for implantation in said current anatomical
structure, said first implant having been implanted 1n said first
anatomical structure. In an example, a placement of said first
implant relative to said current anatomical structure corre-
sponds to a placement of said first implant relative to said first
anatomical structure. In a variation thereof, the method fur-
ther comprises the step of determining a resection plan for
said first implant for said current anatomical structure. In
another variation, said first contour is selected based on said
first contour being closest to said current contour than the
remainder of said library of contours. In a further variation,
said first contour 1s selected based on said first contour having
a first constraint which matches a constraint for said current
anatomical structure. In yet a further variation, said first con-
tour 1s selected based on said first contour being closest to said
current contour than the remainder of said library of contours.

In still another exemplary embodiment of the present dis-
closure, a method of orthopaedic surgery for use with an
anatomical structure 1s provided. The method comprising the
steps of acquiring a plurality of data points from said ana-
tomical structure; determiming an approximation of a contour
of said anatomical structure based on said plurality of data
points; selecting a first orthopaedic implant from a plurality
of orthopaedic implants for said anatomical structure based
on said determined contour of said anatomaical structure; pre-
paring said anatomical structure to receive said first ortho-
paedic implant; and coupling said first orthopaedic implant to
said anatomical structure. In an example, said acquiring step
comprises contacting a pointer device to said anatomical
structure at a plurality of locations. In another example, said
acquiring step comprises obtaining said data points based on
a preoperative plan.

In yet still a further exemplary embodiment of the present
disclosure, a method of orthopaedic surgery for use with an
anatomical structure 1s provided. The method comprising the
steps of acquiring a plurality of data points from said ana-
tomical structure; using said plurality of data points to calcu-
late a best fit approximation of a contour of said anatomical
structure; selecting an orthopaedic implant substantially
matching said contour of said anatomical structure; preparing,
said anatomical structure to recerve said orthopaedic implant;
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4

and implanting said orthopaedic implant in said anatomical
structure. In an example, said acquiring step comprises con-
tacting a pointer device to said anatomical structure at a
plurality of locations. In another example, said acquiring step
comprises obtaining said data points based on a preoperative
plan.

Additional features and advantages of the present mven-
tion will become apparent to those skilled in the art upon
consideration of the following detailed description of 1llus-
trative embodiments exemplifying the best mode of carrying
out the 1nvention as presently percerved.

BRIEF DESCRIPTION OF THE DRAWINGS

—

['he above-mentioned and other features of the disclosure,
and the manner of attaining them, will become more apparent
and will be better understood by reference to the following
description of embodiments of the disclosure taken 1n con-
junction with the accompanying drawings, wherein:

FIG. 1 1s a perspective view of a pointer device for use 1n
obtaining a plurality of points on an anatomical structure;

FIG. 2 1s a perspective view of the pointer device of FIG. 1,
turther 1llustrating the step of identifying a plurality of points
on a distal femur;

FIG. 3 1s a perspective view of a distal femur, turther
illustrating a patello-femoral implant;

FIG. 4 1s a diagrammatic view of a method according to an
exemplary embodiment of the present disclosure;

FIGS. 5 and 6 represent a method of locating an implant
relative to the a current anatomical structure;

FIG. 7. represents an exemplary CAS system;

FIG. 8 represents a library of anatomical structures and
placement locations;

FIG. 9 represents a distal femur having a bone defect;

FIG. 10 represents the distal femur of FIG. 9 having a
portion of the bone reamed out;

FIG. 11 represents a blank implant; and

FIG. 12 represents the blank implant of FIG. 11 with a
fimshed upper surtace.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein 1llustrate embodiments of the disclosure and
such exemplifications are not to be construed as limiting the
scope of the invention 1n any manner.

DETAILED DESCRIPTION

Referring now to FI1G. 1, pointer probe or device 20 accord-
ing to one embodiment of the present disclosure 1s shown.
Pointer device 20 may include adapter portion 22 which may
be used to operably couple pointer device 20 to a computer
assisted surgery (CAS) system, for example, a robotic surgi-
cal system or haptic device, such as the system and device
described 1mn U.S. patent application Ser. No. 11/610,728,
entitled AN IMAGELESS ROBOTIZED DEVICE AND
METHOD FOR SURGICAL TOOL GUIDANCE, filed Dec.
14, 2006, assigned to the assignee of the present application,
the disclosure of which 1s hereby expressly incorporated
herein by reference, and such as the system and device
described 1 U.S. patent application Ser. No. 12/020,003,
entitled INSTRUMENTED LINKAGE SYSTEM, filed Jan.
25, 2008, the disclosure of which 1s expressly incorporated by
reference herein. Accordingly, adapter portion 22 may be
configured to be coupled to such a device and may include
fastener receiving holes 24 through which fasteners (not
shown) may extend to secure pointer device 20 to an arm of
the device. Pointer device 20 may include interface structure
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26 for interfacing with an anatomaical structure, as described
below. Alternatively, pointer device 20 may be adapted and
configured to couple with any image-guided system, any
imageless CAS system, any non-robotic system, any robotic
system, as well as any system based on optical, electromag-
netic, or radiofrequency tracking technology.

In operation and referring to FI1G. 2, pointer device 20 may
be used to 1dentily a plurality of points 30 on an anatomical
structure, such as distal femur 32, for example. Method 100
(FI1G. 4) depicts an exemplary method of the present disclo-
sure. A surgeon or other user may grasp pointer device 20 and
move terface structure 26 thereof into contact with distal
temur 32, thereby 1dentitying a point 30 in step 102 (FIG. 4)
of a region for replacement by an implant and surrounding
area. Contacting distal femur 32 may include physical contact
with interface structure 26 or remote contact via a light-
emitting device or other similar non-physical projection
extending from interface structure 26 to contact distal femur
32. The user may verily identification of point 30 in the CAS
system using a foot pedal or other suitable verification device.
The user may then drag pointer device 20 across a surface of
distal femur 32 such that interface structure 26 maintains
contact with distal femur 32. The CAS system may be con-
figured to periodically obtain coordinates of the location of
interface structure 26. This may be done 1n rapid succession
such that interface structure 26 “paints™ distal femur 32 and
the CAS system records a plurality of points 30 generally
corresponding to the contour of distal femur 32. In an exem-
plary embodiment, the CAS system may be configured to
obtain points 30 at intervals between 0.1 and 0.5 millisec-
onds. When interface structure 26 touches each point 30,
encoders or other position identification devices 1n the arm of
the CAS system may be used to record the location of inter-
face structure 26 1n a three-dimensional coordinate system. In
another embodiment, the arm of the device and/or pointer
device 20 may include tracking devices to 1dentify the loca-
tion of interface structure 26 in the three-dimensional coor-
dinate system. The tracking devices may be based on optical
tracking technology such as infrared tracking, radiofre-
quency tracking technology, and/or electromagnetic tracking
technology, any of which may be used to tniangulate the
position of interface structure 26 in the three-dimensional
coordinate system.

In an exemplary embodiment, the user 1dentifies points 30
in a general area defined by patello-femoral groove 34 of
distal femur 32. The CAS system may correlate each point 30
to a three-dimensional coordinate system based on the loca-
tion ol interface structure 26 and pointer device 20. In an
alternative embodiment, the user may use interface structure
26 to contact distal femur 32 at a plurality of locations to
define points 30 1n a manner which does not maintain contact
between interface structure 26 and distal femur 32 at all times.
In yet another embodiment, distal femur 32 may have points
30 defined by a preoperative image, such as a CT scan, MRI
scan, ultrasound data, x-ray data, and other 1maging tech-
niques. Other exemplary point cloud collection techniques
include optical scanning and LADAR (Laser and Distance
Ranging).

As shown 1n FIG. 4, the CAS system then uses the plurality
of points 30 and approximates a contour of patello-femoral
groove 34 of distal femur 32 using a best fit approximation 1n
step 104. An exemplary best fit approximation 1s a least
squares fitting to a surface or other suitable fitting methods. A
representation of the anatomical structure 1s stored as repre-
sented by block 107.

In this manner, the CAS system approximates the contour
of the existing anatomy of distal femur 32 without requiring
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any sizing measurements of distal femur 32, such as a dis-
tance between a medial condyle and a lateral condyle of distal
femur 32, for example. Moreover, the approximation of the
contour of distal femur 32 may be completed without defining
the mechanical axis of the femur or any other axis associated
therewith. When performing the best fit approximation, the
CAS system may be configured to permit consideration of
parameters, such as bone defects, a desired resection depth, a
desired resection area, fitness of various implants, alignment
with axes such as a mechanical or anatomical axis, or align-
ment with other bony landmarks, to be utilized by the soft-
ware ol the CAS system when approximating the contour of
distal femur 32, as shown by optional step 105 1n FIG. 4. For
example, the user may iput parameters associated with
potential problematic areas of a resultant implant used on
distal femur 32, as described below. In one embodiment,
potential bone defects may be avoided by interface structure
26 during 1dentification of points 30 and such bone defects
may be parameters considered by the CAS system during
approximation of the contour of distal femur 32. In another
embodiment, bone defects are contacted by interface struc-
ture 26 such that a depth of any bone defect 1s verified and the
CAS system can accordingly provide a resection plan which
climinates the bone defect after resection of the bone.

Once the contour of the anatomical structure has been
approximated, the CAS system then presents the user with a
library of implants, as shown by step 106 in FIG. 4. The
library of implants may include implants which will accom-
modate the best fit approximation of the anatomical structure
identified 1n step 104, described above, 1.e., the user will
select an implant from the library that most closely replicates
the best fit approximation of the contour of the existing ana-
tomical structure such that the existing anatomy 1s replicated
with the chosen implant. The user may then select this
implant from the library for subsequent implantation. In an
alternative embodiment, step 105 may be used 1n conjunction
with step 106 which allows the user of the CAS system to
adjust various parameters, such as desired resection depth,
desired resection area, or a desired outcome, for example, to
correctly choose the implant. The CAS system may provide
visual feedback to the user to evaluate the fit of the chosen
implant prior to any resections or implantation. At this point,
the surgeon may input various parameters to evaluate the fit of
the chosen implant.

In step 108 (FIG. 4), the CAS system then facilitates resec-
tion of the anatomical structure to accommodate the chosen
implant based on the chosen implant and the best {it approxi-
mation of the anatomical structure. In an exemplary embodi-
ment, the CAS system manipulates pointer device 20, which
may include a cutting guide, 1into a desired position relative to
the anatomical structure. The CAS system may use software
programmed to position pointer device 20 based on the fore-
going information about the anatomical structure and desired
implant obtained 1n steps 102, 104, 105, and 106. In one
embodiment, steps 106 and 108 in which the user selects an
implant from the library of implants and the CAS system
facilitates resection of the anatomical structure may be 1inte-
grated into a single, 1terative process. For example, a user may
select more than one desired implant and facilitate resection
plans for each implant simultaneously. The user may then go
back to step 106 and select one of the desired implants based
on the resection plans 1dentified 1n step 108. Finally, 1n step
110 (FIG. 4), the CAS system then may facilitate implanta-
tion of the chosen implant 1into the anatomical structure.

In an exemplary embodiment shown 1n FIG. 3, the chosen
implant may be a patello-femoral implant 36 which corre-
sponds to an implantation site associated with patello-femo-




US 9,179,983 B2

7

ral groove 34. For example, 1n an exemplary embodiment,
patello-femoral implant 36 may be any patello-femoral
implant described in U.S. patent application Ser. No. 11/671,
643, entitled Femoral Trochlea Prostheses, filed on Feb. 6,
2007, and U.S. patent application Ser. No. 11/671,645,
entitled Femoral Trochlea Prostheses, filed on Feb. 6, 2007,
both of which are assigned to the assignee of the present
application, the disclosures of which are hereby expressly
incorporated herein by reference. As shown in FIG. 3, patello-
temoral 1mplant 36 may be utilized and may provide an
appropriate contour match between distal femur 32 and
patello-femoral implant 36, 1.e., such that no protruding por-
tions of patello-femoral implant 36 are present which may
impair the articulation of patello-femoral implant 36 with any
other portion of the knee joint during use, as described 1n the
above-incorporated U.S. patent application Ser. Nos. 11/671,
643 and 11/671,645.

Although described throughout as using method 100 on a
patello-femoral groove, method 100 1s equally applicable to
approximating a best {it contour of any anatomical structure,
particularly those having a relatively small area. For example,
method 100 may used 1n a unicondylar knee replacement
surgery 1n which a medial or lateral condyle of a femur 1s
prepared to recerve a unicondylar implant, 1n a partial femoral
head surface replacement surgery in which only a small por-
tion of the femoral head 1s prepared to receive a partial femo-
ral head implant, or a bicompartmental knee surgery.

Referring to FIGS. 5 and 6, a process for the selection of an
implant and the positioning of the implant relative to the
anatomical structure through a CAS system 200 1s presented.
Referring to FIG. 7, CAS system 200 1s represented. CAS
system 200 1ncludes a controller 202 which 1s coupled to a
haptic device arm 204 and controls the operation of the haptic
device arm 204. The haptic device arm 204 may have a
plurality of tools 206 attached to an end of the arm. Exem-
plary tools 206 1include a pointer 208 (such as pointer device
20), a mll tool 210, a saw tool 212, a cutting guide tool 214,
a reciprocating file 215, a pin guide tool 216, an oscillating
burr 217, and other suitable tools. In one embodiment, a
cutting guide 214 and/or a pin guide tool 216 may be custom
made for the contour of the anatomical structure.

In one embodiment, controller 202 includes a no-fly zone
for use with mill tool 210 and saw tool 212. With the no-tly
zone, these cutting tools are disabled unless they are placed 1n
a region which controller 202 has identified for removal
through resection software 234. As such, with a no-fly zone a
surgeon could resect the bone frechand because the tool
would be active only when 1t 15 1n a region to be cut.

Controller 202 1s further coupled to a display device 220 to
display various items to a user of CAS system 200, such as a
comparison ol the contour of the anatomical structure to a
proposed placement of an implant. Controller 202 1s further
coupled to user mnput devices 222 to recerve mput from a user
of CAS system 200. Exemplary user input devices include a
mouse, a keyboard, a touch screen, a foot pedal, and other
suitable devices for interfacing with a human operator.

Controller 200 has access to a memory 230. Memory 230
may be a single memory device or a collection of many
memory devices. Memory 230 may be local relative to con-
troller 202, available across a network, or a combination of
local and available across a network.

Memory 230 includes alignment software 232 which per-
forms the fitting methods and alignment methods discussed
herein and resecting soitware 234 which develops a resection
plan for a proposed placement of a selected implant. Memory
230 also includes a library of implants 236 which includes
information descriptive of a plurality of implants, a contour of
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the current anatomical structure 238, constraints 240 placed
on the implant to be used with the current anatomical struc-
ture, and a library of anatomical structures and implant place-
ments 242.

Returning to FIG. 5, a best {it placement of the implant
based on a fitting routine, as represented by block 120, 1s
represented. The best fit 1s based on a selected implant 122
selected from a library of implants 236, the contour of the
anatomical structure 238, and one or more constraints 240.
The best fit placement may be the registration of two point
clouds, one corresponding to the anatomical structure con-
tour and one corresponding to a top surface contour of the
implant.

In one embodiment, the best fit placement 1s performed by
an 1terative fitting routine. Exemplary iterative fitting routines
include ‘Least Sum of Squares of Errors” method and ““Itera-
tive Closest Point” method. In one embodiment, the best fit
placement 1s performed by a closed form fitting method. An
exemplary closed form fitting method 1s described 1n Hom,
“Closed-form solution of absolute orientation using unit qua-
terions,” Journal of the Optical Society of America, Vol. 4,
pages 629-642 (1987), the disclosure of which 1s expressly
incorporated by reference herein.

Controller 202 provides a representation of selected
implant 122 and current anatomical structure 238 on display
device 220, as represented by block 242. In one embodiment,
the displayed representation provides an indication of the
mismatch between a contour of selected implant 122 and
current anatomical structure 238. An operator of CAS system
200 may then determine whether the proposed placement of
the implant 1s acceptable or not, as represented by block 244.
IT acceptable, then the proposed placement of the implant 1s
complete, as represented by block 246, and a resection plan 1s
determined for the proposed placement by resecting software
234. In one embodiment, the resection plan 1s determined
prior to a determination of whether the proposed placement 1s
acceptable and 1s one of the factors in determining 1f the
proposed placement 1s acceptable.

I1 the proposed placement 1s not acceptable, then a deter-
mination 1s made whether to select a different implant, as
represented by block 248, whether to alter constraints on the
placement of the implant, as represented by block 250, or to
manually adjust the placement of the implant relative to the
anatomical structure, as represented by block 252.

I1 the user selects to select a different implant, then another
implant 1s selected from the library of implants, as repre-
sented by block 254. In one embodiment, the user manually
selects the different implant through user inputs 222. In one
embodiment, alignment software 230 selects the different
implant from the library of implants. Once the different
implant 1s selected, the user 1s prompted to determine 1f
additional changes are desired, as represented by block 256.
If no additional changes are desired, then a best fit placement
of the different implant relative to the anatomical structure 1s
determined by alignment software 230, as represented by
block 120. If additional changes are desired, the user 1s
prompted regarding whether to change constraints on the
placement of the implant, as represented by block 250.

I1 the user selects to alter constraints on the implant, then
the user through user iput devices 222 provides additional
constraints regarding the placement of the selected implant
and/or updates existing constraints regarding the placement
of the selected implant, as represented by block 238. Exem-
plary constraints include constraints relative to the anatomi-
cal structure and constraints relative to an orientation of the
implant. Exemplary constraints relative to anatomical struc-
ture include a constraint that an interior tlange of the implant
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remain below a natural tflange of the anatomical structure, a
constraint that an interior flange of the implant remain below
set value, such as 2 millimeters, of a natural flange of the
anatomical structure, in the case of a knee a constraint to
maintain a “q” angle within a given range of values or a valgus
value within a given range of values, resection depth of up to
10 mm, external femoral component rotation of between O
degrees and 5 degrees, and other suitable constraints. Exem-
plary constraints relative to an orientation of the implant
include a constraint that the implant 1s not tlipped upside
down.

In one embodiment, the user 1s presented with a plurality of
constraints and simply selects additional constraints or modi-
fies the variables for existing constraints with user input
devices 222. Once the constraints have been altered, the user
1s prompted to determine 1f additional changes are desired, as
represented by block 260. If no additional changes are
desired, then a best fit placement of the selected implant
relative to the anatomical structure based on the modified
constraints 1s determined by alignment soitware 230, as rep-
resented by block 120. If additional changes are desired, the
user 1s prompted regarding whether to manually adjust the
placement of the implant, as represented by block 252.

If the user selects to manually adjust the placement of the
implant relative to the anatomical structure, the user 1s able to
translate and rotate the implant relative to the anatomical
structure through user mput devices 222. For example, the
user may through user iputs 222 cause the implant to travel
more posteriorly into the bone, to move more proximal, or
rotate the implant internally or externally. Once the desired
placement 1s achieved, as represented by block 262, align-
ment software 232 displays the adjusted placement and the
anatomical structure as represented by block 242. The user
may then decide 11 the placement of the implant 1s acceptable
or to make additional changes to the implant selected or the
placement of the implant, as represented by block 244.

In one embodiment, the implant to select from the library
of implants 236 and the placement of the selected implant are
initially determined based on a comparison of a contour of the
current anatomical structure to a library of contours for other
anatomical structures 242. For instance, a library of femur
anatomical structures may be provided and the implant for
use with a current femur may be selected and/or placed based
on the implant selected and implanted 1n a femur of an ana-
tomical structure in the library 242 which most closely
matches the anatomical structure of the current femur.

Referring to FIG. 8, a representation of the library of con-
tours for other anatomical structures 242 1s provided. Library
242 includes a plurality of anatomical structures 270-278
which have had orthopaedic surgery to include an implant in
the past. For each anatomical structure 270-278, an implant
placement 280-288, respectively, 1s provided. Each of
implant placements 280-288 provide information regarding
the implant which was implanted 290-294, location informa-
tion for that implant 300-308, and the constraints placed on
the location of the implant 310-316. Referring to FIG. 8,
anatomical structures 270 and 274 each used the same
implant 290 and anatomical structures 276 and 278 each used
the same 1implant 292. Further, anatomaical structures 276 and
2778 each have the same set of constraints 316.

In one embodiment, alignment software 232 compares the
current anatomical structure to anatomical structures 270-278
and selects the one anatomical structure which most closely
matches the current anatomical structure. By way of example,
assume that anatomical structure 274 is the closest match.
Then alignment software 232 selects implant 290 and places
implant 290 relative to the current anatomical structure based
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on location information 304 as a first representation of the
best fit placement 120. The user may then alter the placement
of the implant or change the implant as described herein.

In one embodiment, alignment software 232 compares the
current anatomical structure to anatomical structures 270-278
and selects the one anatomical structure which most closely
matches the current anatomical structure and has the same or
closest set of constraints. By way of example, assume that
anatomical structure 274 1s the closest match, but has difter-
ent constraints, while anatomical structure 270 has the same
or nearly the same constraints as the current placement. In this
situation, the alignment software 232 selects implant 290 and
places implant 290 relative to the current anatomical structure
based on location information 300 as a first representation of
the best fit placement 120 because 1t more closely approxi-
mates the desired constraints of the current anatomical struc-
ture. The user may then alter the placement of the implant or
change the implant as described herein.

Referring to FIGS. 9-12, another method of implanting a
implant 1n an anatomical structure i1s shown. As described
herein a contour of an anatomical structure 350 1s obtained.
The anatomical structure including a bone defect 352. In
order to remove the bone defect, CAS system 200 and/or the
surgeon removes the bone defect as generally represented by
354. In one embodiment, a mill 210 1s used to remove the
bone defect. A blank implant 360 may be secured to the
anatomical structure 350 1n the recess 354. The contour infor-
mation regarding anatomical structure 350 1s used to deter-
mine a shape 362 of a top portion 364 of blank implant 360.
Shape 362 1s machined to generally match the contour of
anatomical structure 350. In one embodiment, shape 362 is
machined after blank implant 360 1s coupled to anatomical
structure 350. In one embodiment, shape 362 1s machined
prior to blank implant 360 1s coupled to anatomical structure
350.

In one embodiment related to knees, controller 202 by
knowing the tension on the ligaments of the current anatomai-
cal structure may predict based on the placement of the
selected implant what the effect would be on tlexion of the
jomt with the implant coupled to the anatomical structure.

While this disclosure has been described as having exem-
plary designs, the present disclosure can be further modified
within the spirit and scope of this disclosure. This application
1s therefore intended to cover any variations, uses, or adapta-
tions of the disclosure using 1ts general principles. Further,
this application 1s intended to cover such departures from the
present disclosure as come within known or customary prac-
tice 1n the art to which this disclosure pertains and which fall
within the limits of the appended claims.

What 1s claimed 1s:

1. A method of selecting a placement of an implant for an
orthopaedic surgery, the method comprising the steps of:

identifying a region of an anatomical structure for replace-

ment by said implant;

acquiring a plurality of data points from distinct locations

on at least a portion of a surface of said region of said
anatomical structure by physically contacting the ana-
tomical structure with a device;

approximating a surface contour of said region of said

anatomical structure solely using said plurality of data
points;

selecting said implant from a library of implants, said

implant being selected based on said approximation of
said surface contour of said region of said anatomical
structure; and

providing a proposed placement of said implant relative to

said anatomical structure, wherein the step of selecting,
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said 1implant from said library of implants includes the
step of comparing a contour of each of a plurality of
implants to said surface contour of said anatomical
structure.

2. The method of claim 1, further comprising the step of
providing an indication of a {it between a contour of said
implant and said surface contour of said region of said ana-
tomical structure.

3. The method of claim 1, further comprising the step of
receiving a revised placement of said implant relative to said
anatomical structure.

4. The method of claim 1, wherein the step of acquiring
said plurality of data points includes the steps of:

receiving an indication that said device 1s positioned at a

first position;

determining a first coordinate of said first position; and

determining a second coordinate of a second position.

5. The method of claim 4, wherein the step of determining,
said second coordinate of said second position 1s performed
in response to receiving an indication that said device 1s
positioned at said second position.

6. The method of claim 4, wherein the step of determining
said second coordinate of said second position includes the
step of waiting a predetermined time interval from determin-
ing said first coordinate of said first position, said device
being moved by an operator during said predetermined time
interval.

7. The method of claim 1, wherein the step of acquiring
said plurality of data points includes the steps of:

obtaining preoperative representations of said surface

region of said anatomical structure; and

determining said plurality of data points from said preop-

crative representations ol said surface region of said
anatomical structure.

8. The method of claim 1, wherein said surface contour 1s
determined from a fitting of said plurality of data points to a
surface.

9. The method of claim 1, further comprising the step of
receiving at least one constraint on said proposed placement
of said implant relative to said anatomical structure.

10. The method of claim 9, wherein said at least one con-
straint 1s related to an orientation of said implant relative to
said anatomical structure.

11. The method of claim 9, wherein said at least one con-
straint 1s related to a location of a top surface of said implant
relative to said anatomical structure.

12. The method of claim 1, wherein the step of selecting
said implant from said library of implants includes the step of
receiving a selection of said implant from a user input device.

13. The method of claim 1, wherein said implant is selected
based on said implant most closely matching said approxi-
mation of said contour of said anatomical structure.

14. The method of claim 1, further comprising the step of
generating a resection plan for said anatomical structure
based on said implant.

15. A method of selecting a placement of an implant for an
orthopaedic surgery, the method comprising the steps of:

identifying a region of an anatomical structure for replace-

ment by said implant;

physically contacting said region of said anatomic struc-

ture with a device at distinct locations on at least a
portion of a surface of said region to obtain a plurality of
data points;

approximating a three-dimensional exterior contour of said
region of said anatomical structure based solely on said
plurality of data points;
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for each of a plurality of implants determining a fit between
a three-dimensional exterior contour of said respective
implant and said three-dimensional exterior contour of
said anatomical structure; and

recerving an indication of a selected implant from said

plurality of implants.

16. The method of claim 15, wheremn said plurality of
implants 1s selected from a library of implants.

17. The method of claim 16, wherein each of said plurality
of implants are selected based on satisfying at least one con-
straint related to said anatomical structure.

18. The method of claim 16, further comprising the step of
for each of said plurality of implants determining a resection
plan for said anatomical structure, wherein said selected
implant 1s selected from said plurality of implants based on
said resection plan for said selected implant.

19. A method of placing an orthopaedic device, the method
comprising the steps of:

identifying an external surface region of an anatomical

structure for placement of said orthopaedic device;
physically contacting said external surface region at dis-
tinct locations on at least a portion of said external sur-
face region to obtain a plurality of data points;
determining an approximate contour of said external sur-
face region of said anatomical structure based solely on
said plurality of data points; and
removing material from a portion of said orthopaedic
device to generally match said approximate contour of
said external surface region of said anatomaical structure.

20. A method of selecting a placement of an implant for an
orthopaedic surgery, the method comprising the steps of:

identilying a region of a current anatomical structure for

replacement by said implant;

acquiring a plurality of data points intraoperatively from

distinct locations on at least a portion of said region of
said current anatomical structure by physically contact-
ing the region with a device;

approximating a current contour of said region of said

current anatomical structure based solely on said plural-
ity of data points;

comparing said current contour of said current anatomical

structure to a library of contours of anatomical struc-
tures;

selecting a first contour of a first anatomical structure from

said library of contours of anatomical structures; and
selecting a first implant for implantation 1n said current
anatomical structure.

21. The method of claim 20, wherein a placement of said
first implant relative to said current anatomical structure cor-
responds to a placement of said first implant relative to said
first anatomical structure.

22. The method of claim 21, further comprising the step of
determining a resection plan for said first implant for said
current anatomical structure.

23. The method of claim 20, wherein said first contour 1s
selected based on said first contour being closest to said
current contour than the remainder of said library of contours.

24. The method of claim 20, wherein said first contour 1s
selected based on said first contour having a first constraint
which matches a constraint for said current anatomical struc-
ture.

25. The method of claim 24, wherein said first contour 1s
selected based on said first contour being closest to said
current contour than the remainder of said library of contours.

26. A method of orthopaedic surgery for use with an ana-
tomical structure, comprising the steps of:
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contacting said anatomical structure intraoperatively at
distinct locations on at least a portion of a surface of said
anatomical structure to acquire a plurality of data points

from said anatomical structure, said distinct locations

being chosen by a surgeon or other user and said contact

being performed by a device that physically contacts
said surface of said anatomical structure;

determining an approximation of a three-dimensional exte-
rior contour of said anatomical structure based solely on
said plurality of data points;

selecting a first orthopaedic implant from a plurality of 1

orthopaedic implants for said anatomical structure based
on said determined three-dimensional exterior contour

of said anatomical structure;

preparing said anatomical structure to receive said first
orthopaedic implant; and

coupling said first orthopaedic implant to said anatomical
structure.

27. The method of claim 26, wherein said contacting step

comprises choosing said distinct locations on said surface

based on a preoperative plan.

28. A method of orthopaedic surgery for use with an ana-

tomical structure, comprising the steps of:
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acquiring a plurality of data points intraoperatively from
distinct locations on at least a portion of a surface of said
anatomical structure by physically contacting said sur-

face of said anatomical structure;

using only said plurality of data points to calculate a best it
approximation of a three-dimensional exterior contour
of said anatomical structure;

selecting an orthopaedic implant substantially matching
said three-dimensional exterior contour of said anatomi-
cal structure;

preparing said anatomical structure to receive said ortho-
paedic implant; and

implanting said orthopaedic implant in said anatomical
structure.

29. The method of claim 28, wherein said acquiring step

comprises contacting a pointer device to said anatomical
structure at said distinct locations on said surface.

30. The method of claim 28, wherein said acquiring step

>0 comprises choosing said distinct locations on said surface
based on a preoperative plan.
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